Transmembrane protease, serine 4 (TMPRSS4), is a novel type of II transmembrane serine protease that is highly expressed in multiple cancers. However the expression pattern and clinical significance of TMPRSS4 in gastric cancer (GC) remain unclear. We aimed to investigate the clinical and prognostic importance of TMPRSS4 in GC. We performed an analysis of TMPRSS4 expression in 200 consecutive GC patients by immunohistochemistry. Based on TMPRSS4 positivity, the GC tissues were divided into TMPRSS4-positive group and TMPRSS4-negative group. The relationships between TMPRSS4 expression and clinicopathological parameters or prognosis were explored.The positivity of TMPRSS4 expression was significantly higher in GC tissues than in adjacent normal tissues (44.5% versus 9.5%, P<0.001). TMPRSS4 positivity was significantly correlated with depth of invasion, lymph node metastasis, and vessel invasion (all p<0.01). Survival analysis indicated that the TMPRSS4-positive group showed poorer survival than the TMPRSS4-negative group (p<0.01). In terms of clinical stages, significantly different TMPRSS4 positivity was found only in stages II and III. Multivariate analysis showed that TMPRSS4 expression was an independent prognostic factor (p=0.013). Our data suggest that TMPRSS4 positivity is associated with GC invasion and lymph node metastasis. We propose TMPRSS4 expression as an indicator of poor prognosis in GC patients.
Gastric cancer (GC) is one of the most common malignancies and the second leading cause of cancer death worldwide [1] . Despite rapid advances in current treatment protocols incorporating chemoradiation as well as surgical procedures, GC continues to be a fatal disease with majority of cases presenting in advanced stages and we can only recommend only palliative therapy [2] . The clinical stage at diagnosis and the curative surgery are the most important for GC treatment. However, nodal invasion, distant metastasis and local relapses frequently occur even after comprehensive therapy. Metastasis is the main cause of death, but the mechanism underlying metastatic process in GC is very complex and incompletely understood [3] [4] . Hence, it is important for clinicians to identify well-characterized biomarkers that would predict metastasis and prognosis of GC patients, in order to facilitate therapeutic intervention.
Tumor cells utilize numerous cellular or biochemical mechanisms to complete metastasis [5] . Type II transmembrane serine proteases (TTSPs) have reported to be upregulated during the tumor growth and progression [6] . Transmembrane protease, serine 4 (TMPRSS4) belongs to a family of membrane-type serine proteases. Several studies have indicated mRNA expression of TMPRSS4 is increased in pancreatic, colorectal, and thyroid cancers [7] [8] [9] . Recently, two studies have shown that high levels of TMPRSS4 are associated with poor prognosis in breast cancer and non-small cell lung cancer patients [10] [11] .
However, the expression pattern of TMPRSS4 and its clinical significance in GC have not been explored to date. In this study, we aimed to investigate the expression pattern and clinicopathological implications of TMPRSS4 in GC. Here we provided evidence that TMPRSS4 expression was significantly upregulated in GC tissues, compared to the adjacent normal tissues and was significantly associated with lymph node metastasis and worse survival of GC patients. TMPRSS4 expression by immunohistochemistry and western blot. Immunohistochemistry was carried out following manufacturer instructions (DAKO). And paraffinembedded sections (4μm) were prepared on silane-coated slides (Sigma, USA) and deparaffinized and incubated with 3% H 2 O 2 in methanol for 10 minutes to block endogenous tissue peroxidase. The antigen was retrieved at 95°C for 20 minutes in 10mM sodium citrate buffer. The slides were then incubated with rabbit anti-TMPRSS4 antibody (1:50, Abcam, USA) at 4°C overnight. After incubation with biotinylated secondary antibody for 30 minutes at room temperature, the slides were incubated with streptavidin-peroxidase complex for 30 minutes at room temperature. Immunostaining was developed by using streptavidin peroxidase 3,3´-diaminobenzidine-chromogen detection. We used the rabbit IgG isotope controls, which showed negative staining.
Patients and methods

Patients
Furthermore, we used western blot to confirm the TMPRSS4 expression in the GC tissue. Western blot was carried out with rabbit polyclonal anti-TMPRSS4 antibody (1:2000; Abcam, USA) or GAPDH (internal control). An HRP-conjugated anti-rabbit IgG antibody was used as the secondary antibody (Santa Cruz, USA). Signals were detected using enhanced chemiluminescence reagents (Pierce).
Evaluation of TMPRSS4 positivity in GC. All slides were scored by two independent investigators blinded to this study. The interpretation criteria were described previously [12] . Briefly, the immunoreactivity was graded as: +++ (score 3); ++ (score 2); + (score 1) and -(score 0). Score 0-1 was regarded as TMPRSS4 negative and score 2-3 as TMPRSS4 positive.
Patients were divided into two groups according to TMPRSS4 positivity. The correlations between clinicopathological features and TMPRSS4 expression were investigated.
Statistical analysis. Statistical analysis was performed using the Chi-square (x 2 -test) test by SPSS17.0 software. Cumulative survival curves were analyzed by the Kaplan-Meier method and statistical significance was calculated using log-rank test. The Cox proportional hazard model was used in the multivariate analysis to determine prognostic factors. P<0.05 was considered significant.
Results
TMPRSS4 protein staining in GC.
GC samples and normal adjacent area were analyzed. TMPRSS4 positive staining was mainly observed in the cytoplasm of gastric cancer cells as dark brown granules (Figure 1 ) by immunohistochemistry. Out of all the 200 tissues, we found that the positive rate of TMPRSS4 is obviously higher in GC tissues than in paired normal adjacent tissues (44.5% versus 9.5%, P<0.001).
Clinicopathological features and TMPRSS4 positivity in GC. The correlation between TMPRSS4 positivity and clinicopathological features relating to patient outcome was analyzed. TMPRSS4 positivity significantly correlated with deeper tumor invasion (p<0.01), lymph node metastasis (p<0.01), lymphatic invasion (p<0.05), and venous invasion (p<0.05). There was no correlation between tumor histology and TMPRSS4 expression ( Table 2 ). The five-year survival rate of the TMPRSS4-positive group was significantly lower than that of the TMPRSS4-negative group (41% vs 72%, p=0.014) (Figure 2) . TMPRSS4 positivity in stage GC II and III. In terms of GC stages, we only found significant differences in TMPRSS4 (Figure 3 ). Other clinical features, including age, sex, depth of invasion, nodal involvement and TMPRSS4 positivity which affect patient outcome by univariate analysis were evaluated by multivariate analysis. As a result, TMPRSS4 expression was a significant prognostic factor in addition to the depth and nodal involvement (Table 3) .
Discussion
GC-related deaths associate with the early metastasis and strong invasion, so it is very important to estimate the malignant degree and invasion tendency of cancer in order to make proper treatment decision. In the present study, we used immunohistochemistry to analyze the expression of TMPRSS4 in 200 consecutive GC patients from January 2006 to January 2012. The results showed that TMPRSS4 positivity was significantly higher in GC tissues compared with normal gastric tissues. In addition, high expression levels of TMPRSS4 in GC lesions were associated with depth of invasion, lymph node metastasis, vessel invasion and TNM stage II-III. Importanly, TMPRSS4 upregulation was an independent prognostic factor in GC. Therefore, TMPRSS4 could be of great value as a diagnostic marker and therapeutic target for GC.
Despite limited evidence of TMPRSS4 involvement in GC, several studies have identified a relationship between TMPRSS4 expression and tumor progression and prognosis. Kebebew et al. reported that TMPRSS4 mRNA expression was higher in malignant than in benign thyroid neoplasms and could improve the diagnostic accuracy of fine needle aspiration biopsy [13] . Jung and colleagues showed that TMPRSS4 promoted invasion, migration and metastasis of human tumor cells by facilitating an epithelial-mesenchymal transition [14] . Subsequebt data show that TMPRSS4 induces invasion and epithelial-mesenchymal transition through upregulation of integrin alpha5 and its signaling pathways [15] . Recent studies indicate that overexpression of TMPRSS4 is significantly associated with reduced overall survival of patients with non-small cell lung cancer and breast cancer and may represent a potential therapeutic target [10] [11] 16] . However, to date, there is no report to clarify the prognostic impact of TMPRSS4 expression in GC. Therefore, this is the first report to determine the correlation between TMPRSS4 expression and poor prognosis and other clinical factors in GC. Our results showed that TMPRSS4 was upregulated in gastric cancer tissues compared with noncancerous tissues and the positivity of TMPRSS4 in GC affected clinical features directly.
With respect to survival analysis, our results showed in patients with stage II and III GC, the survival rate for those with positive TMPRSS4 expression was significantly lower than that of patients with negative expression. Multivariate analysis suggested that the depth of invasion, lymph node metastasis and TMPRSS4 up-regulation were independent prognostic indicators for GC.
In conclusion, our data showed that GC patients had overexpression of TMPRSS4, which was associated with an aggressive clinical features and poor survival. Therefore, TMPRSS4 may play a significant role in the progression of GC consistent with previous data on other cancers. In addition, such information may provide novel therapeutic and prognostic possibilities for treating GC and improving patient outcome. The roles of TMPRSS4 in cancer merit further prospective analysis. 
